To initiate an investigation into the biochemistry and mechanism of group B b-hemolytic Streptococcus virulence, bacterial cultures grown in suspension were centrifuged, and the bacteria and media were subjected to extensive fractionation. Each fraction was assayed for physiologic activity by repeated intravenous infusion into adult unanesthetized sheep. Pulmonary artery pressure, arterial P*, and rectal temperature were monitored. The media fraction, but not the bacteria, contained a component (molecular weight, 2 x lo6) composed of 84% carbohydrate and 16% protein with physiblogic~ activity. Two mg quantities, when infused, caused the ~ulmonarv artery pressure to increase 100%. Po2 to decrease by iO% and -chills -i d fever. The active component could be degraded by hot phenol-water extraction into a pure polysaccharide (molecular weight, 200,000). This lower molecular weight polysaccharide retained the identical physiologic properties when infused in the sheep. The degraded component precipitated with group B-specific antiserum.
Summary
To initiate an investigation into the biochemistry and mechanism of group B b-hemolytic Streptococcus virulence, bacterial cultures grown in suspension were centrifuged, and the bacteria and media were subjected to extensive fractionation. Each fraction was assayed for physiologic activity by repeated intravenous infusion into adult unanesthetized sheep. Pulmonary artery pressure, arterial P*, and rectal temperature were monitored. The media fraction, but not the bacteria, contained a component (molecular weight, 2 x lo6) composed of 84% carbohydrate and 16% protein with physiblogic~ activity. Two mg quantities, when infused, caused the ~ulmonarv artery pressure to increase 100%. Po2 to decrease by iO% and -chills -i d fever. The active component could be degraded by hot phenol-water extraction into a pure polysaccharide (molecular weight, 200,000). This lower molecular weight polysaccharide retained the identical physiologic properties when infused in the sheep. The degraded component precipitated with group B-specific antiserum.
This study demonstrates that, in the sheep, a pure polysaccharide is the physiologically active part of a high-molecular-weight toxin synthesized by group B b-hemolytic Streptococcus type 111 and that this component has a different carbohydrate composition from the group ~-c a~s u l a r antigen.
Speculation
The clinical syndrome associated with group B /3-hemolytic Streptococci in early onset disease is caused by the interactions of an extracellular bacterial component and a specific target tissue in the infected infant.
Group B P-hemolytic Streptococcus has become a major pathogen in newborn nurseries in the United States (19) . Two distinct clinical syndromes have been described (1) depending on the age of presentation. The early onset disease, characterized by a shortlived picture and with a mortality rate in some series of over 50% (18, 34) , has been compared clinically by many investigators (13, 20, 25) to gram-negative endotoxin shock. Although the clinical and laboratory picture suggests the presence of bacterial products with endotoxin-like properties, such products have so far not been identified.
The presence of extracellular toxins has been described for a number of strains of group A hemolytic Streptococci. They have been associated with the erythema of scarlet fever, a pyrogenic response in rabbits, and the enhancement of gram-negative endotoxin shock in mice, monkeys, and rabbits (10, 21, 38) . Several workers have attempted to characterize potentially pathogenic extracellular products produced by group B P-hemolytic Streptococci. Todd, in 1934 (33) (27) , described the presence of neuroaminidase (sialidase) in concentrated culture filtrates. The role of these products in the pathophysiology of group B P-hemolytic streptococcal disease is speculative at this time.
Stahlman, et al. (32) , have shown that the infusion of live and heat-killed organisms into adult sheep produces a reaction that resembles that of gram-negative endotoxins when infused into the same animal model (4, 5) . We now report that extensive fractionation of the bacteria and its extracellular products have led to the isolation of an extracellular toxin that reproduces this response in adult unanesthetized sheep. A more extensive study with regard to the effect of the toxin on the pulmonary vasculature is reported in a second paper.
MATERIALS AND METHODS

BACTERIAL CULTURES
The group B P-hemolytic Streptococci type I11 strain used in this study was isolated from an infant who died of septicemic shock at Vanderbilt University Hospital.
Cultures were started in 50 ml of Trypticase Soy from a single colony picked from a 24 hr incubation of a stock inoculum on a blood agar plate. Modified Todd Hewitt broth (3) was inoculated with the single colony culture and incubated at 35OC for 18 hr to serve as inoculum for the large batches. Flasks containing 1.5 liter modified Todd Hewitt broth were seeded with the inoculum and incubated 24 hr at 35 to 37OC in a gyratory shaker. The cultures were centrifuged and the supernatant made 80% in ethanol and left at 5°C for 48 hr. The bacterial pellet and the alcohol precipitate were fractionated as outlined in Figure 1 .
BACTERIAL CONTROLS
Thirty ml of the 50 ml inoculum was centrifuged and the pellet was overlayed with 0.5 ml sterile saline and autoclaved 15 min (121°C). The supernatant after centrifugation was used for immunologic classification by capillary precipitation tests (23, 35) using commercial group B antisera (BBL, Baltimore, MD) and type specific antisera (Texas Children's Hospital). Eosin methylene blue and blood agar (BBL, Baltimore, MD) plates were streaked with the inoculum and incubated for 24 hr to verify the purity of the culture. Batches showing any abnormality in the inoculum controls were discarded.
Samples from each 1.5 liter flask after the 24-hr incubation were subjected to gram stain and streaked in duplicate onto blood, trypticase soy, and eosin methylene blue agar plates. One set of plates was incubated at 35OC for 24 hr and the other at room temperature for 72 hr. A flask showing any abnormality in the control plates after 24 hr was discarded, and if contamination was detected in any of the 72-hr control plates, the whole batch was rejected. This latter plate streaking and incubation procedure was performed on each sample in the various fractions (described later) before and after dialysis to ensure that no bacterial, fungal, or yeast contamination was introduced during the fractionation and purification procedures.
LIMULUS LYSATE ASSAY
Limulus lysate, Escherichia coli LPS control standard, and methodology was obtained from Associates of Cape Cod, Ind., Woods Hole, MA. Solutions of fraction 7B 1 were compared with E. coli and Sulmonella typhosa lipopolysaccharides (LPS).
MOUSE LETHALITY STUDIES
Swiss Webster Albino Mice (approximately 18 g) were used. Lead sensitization was performed as described by Rifkind (30) . Briefly, 2 mg lead acetate in 100 A of 5% dextrose was injected intravenously followed immediately by an intravenous dose of toxin in 100 A of 5% dextrose. Control groups received the lead acetate or toxin solutions alone. Mice were observed for 2 days.
cGMP ASSAY
The toxin was compared with S. typhosa endotoxin for its ability to affect cyclic 5'-monophosphate (cGMP) levels in fetal rat liver cell preparation by the method of Graber et al. (14) .
BACTERIAL PELLET FRACTIONATION
The pellet obtained by centrifugation of a 16 liter culture at 100,000 x g for 20 min was washed with 600 ml phosphatebuffered saline by gentle pipetting. After centrifugation, Woth of the pellet (heat-killed bacteria) was used for infusion as Fraction 1, and the remaining Yioths were disintegrated in a Brown disintegrator (16) (B. ~rown, ~~~a r a t e n b a i Melsungen, Germany) and centrifuged at 20,000 X g for 10 min. The supernatant from this centrifugation was used as fraction 2 (cell lysate), and the pellet was subjected to a PBS wash and repelleted. The supernatant so obtained was fraction 3, and the pellet was fraction 4 (cell wall material). The supernatant (600 ml) from the initial centrifugation was divided into two fractions. One fraction was dialyzed, lyophilized, and infused as fraction 5 (capsular material). The second fraction was extracted once with an equal volume of phenol at 80°C, and the water phase was then dialyzed, lyophilized, and used as fraction 6 (capsular polysaccharides).
MEDIA FRACTIONATION
Cultures grown for 22 hr were centrifuged without autoclaving, and the supernatant was made 80% in ethanol. The precipitate, fraction 7, was dissolved in 1 liter of water and dialyzed against distilled water. After lyophilization, the material was subjected to gel filtration on Sephacryl S-200 (5 x 80 cm) in 0.2 M NH4Cl, 1 mM Tris (tris-(hydroxymethy1)-aminomethane-HC1) buffer, pH 7.2. Portions of 50 ml were loaded onto the column, and the void volumes from several runs were pooled and dialyzed against 2 mM Tris, pH 7.2. This material was then pumped onto a DEAESephacel column (2.5 x 20 cm) (Pharmacia, Uppsala, Sweden) equilibrated with 2 mM Tris buffer, pH 7.2. The column was then washed with 300 ml of starting buffer after which a gradient from 0 to 0.4 M sodium chloride was applied. Fractions were collected off the columns in acid washed tubes and assayed for carbohydrate content by the phenol-sulphuric method. The material not adhering to the column was dialyzed and lyophilized and assayed in the animal model as fraction 7-11. fraction 7-1, the gradient peak, was dialyzed, lyophilized, and subjected to Sepharose 6B chromatography (2.6 X 80 cm) (Pharmacia, Uppsala, Sweden) in the ammonium chloride-Tris buffer. Three components were detected by the phenol-sulfuric assay. Fractions 71-1 through 71-3 were dialyzed and lyophilized.
PHENOL-WATER EXTRACTION OF FRACTION 71-1
Two mg of fraction 71-1 were dissolved in 1 ml of water and heated slowly (30 min) to 70°C. One ml phenol at 70°C was added and mixed. The solution was allowed to cool slowly (30 min), and the water phase was extracted with hot phenol once more, then dialyzed against 2 mM Tris buffer, pH 7.2, and applied to a DEAE-Sephacel column (1 x 6 cm). Eight ml Tris buffer were passed through the column, after which the column was eluted with 0.2 M sodium chloride. The carbohydrate-containing material, eluted in the gradient, was applied to the Sepharose 6B column equilibrated in 0.2 M ammonium chloride, 0.2 mM Tris, pH 8.
PHENOL-WATER EXTRACTION OF MEDIA
Media alcohol precipitate, fraction 7, from 16 liter cultures was dissolved in 2 liters of water and subjected to two hot phenolwater extractions (39). The water phase was then dialyzed against distilled water. Acetic acid was added to pH 4, followed by 20 mg of pepsin Forthington Corp., Freehold, NJ). After a 48 hr incubation at 37"C, the material was dialyzed and lyophilized and subjected to the fractionation procedure outlined above.
CONTROL FRACTIONS
Two one-liter batches of medium were incubated at 37°C for 22 hr and fractionated as outlined for fraction 71-1 to serve as control fraction (fraction 9). In addition, 0.9% sodium chloride (saline) solution was used as control fraction (fraction 8).
CARBOHYDRATE ANALYSIS
Two hundred pg of material from various fractions were subjected to sugar analysis using accepted methodology (15, 17) . Briefly, material was dissolved in 3 ml of 90% acetic acid, and the mixture was kept at 100°C for 8 hr to hydrolize N-acetyl-glycosaminidic linkages (17) . After removal of acetic acid by evaporation, 0.5 N HzSOr was added, and the sample was heated at 100°C for 12 hr for complete hydrolysis. Barium carbonate(s) was added, and the filtered solution of sugars was reduced 2 hr by the addition of 10 mg NaBD4. Acetic acid was then added to pH 3, and the mixture was evaporated to dryness. Methanol was then added and evaporated five times to remove the borate, and the alditols were acetylated in pyridine-acetic acid anhydride (1-1) for 1 hr. The mixtures of alditol acetates were analyzed quantitatively by gas chromatography on a Sigma 1 gas chromatograph (Perkin-Elmer, Sialic acid was determined by the method of Warren et al. (37) and by gel filtration of isolated fractions labeled with N-acetyl-D-[3H]mannosamine (Amersham Searle Corp., Arlington Heights, IL) after partial acid hydrolysis (0.05 M sulphuric acid at 80°C for 1 hr).
AMINO ACID ANALYSIS
Samples were hydrolized for 20 hr in 6 N HCl and analyzed on a Beckman automatic amino acid analyzer (28) for the presence of amino acids, muramic acid, and diaminopamelic acid.
SHEEP MODEL
Fourteen young Dorset or Suffolk sheep were used for screening of the fractions. Five to 7 days before the infusions, a left thoracotomy was performed under general anesthesia with nitrous oxide and halothane. A large pericardial window was resected, and a catheter was placed directly into the pulmonary artery. At the same time, catheters were placed in the thoracic aorta through the left carotid artery and in the left jugular vein. In all experiments, the unanesthetized sheep were awake and standing unrestrained in a cage with access to food and water. Pulmonary arterial and aortic pressures were monitored continuously with Statham pressure transducers (model P23Gb; Gould-Statham Instruments, Inc., Hato Ray, Puerto Rico) and recorded on a Sanborn 350 six-channel recorder (Sanborn Co., Waltham, MA). At 15-min intervals, rectal temperature was recorded with a YSI telethermometer (Yellow Springs Instrument Co., Yellow Springs, OH) and arterial Poz, Pcoz, and pH were measured with a pHblood gas analyzer model 213 (Instrumentation Laboratory, Inc., Lexington, MA).
All the fractions were infused initially in amounts equivalent to material from 1012 bacteria diluted in 100 ml of 0.9% NaCl solution. After at least 1 hr of baseline observation of vascular pressures, rectal temperature, and arterial blood gases, a fraction was'infused into the jugular vein over 30 min, and observation continued for a minimum period of 3 hr or until all values returned to baseline. At least 48 hr were allowed for recovery in between infusions.
RESULTS
All statistical calculations to compare values before and after infusion were done using a two-tailed paired t test. A P value of less than 0.05 was accepted as significant. Of the parameters measured when the different fractions were infused in the shee at concentrations corresponding to material obtainable from 10 I: bacteria, changes were seen only in pulmonary artery pressure, arterial Poz, and rectal temperature. Systemic arterial pressure remained stable throughout all the experiments, and arterial P C O~ and pH did not show significant changes for any fractions.
CONTROL FRACTIONS
A total of five control infusions were performed. Three were sa.line, and two were fractionated growth media. The infusion data are shown in Table 1 and demonstrate that there was no change in either of the measured parameters.
BACTERIAL FRACTIONS
Infusions of fractions 1 through 6 obtained from the bacterial pellets were done in three different sheep, and, as seen in Table 1 , no significant changes were observed in any of the parameters.
MEDIA FRACTIONS
The media fractions obtained by DEAE chromatography, fractions 71 and 711, were assayed twice each in the sheep, and the data are summarized in Table 2 . Gel filtration of fraction 71 gave three components: fraction 71-1, marginally included, indicating ' n, number of infusions.
Numbers in parentheses, mg material in 100 ml of saline.
Mean + S.E. a molecular weight of 2 x lo6; and fractions 71-2 and 71-3, included on the column. These fractions, when assayed in the sheep, showed that only fraction 71-1 had the biological activity seen with fraction 71, but at an elevated specific activity (Table 2 ). Fraction 71-1 did not give a distinct precipitate with either group or type specific antisera in the microprecipitin tests (23, 35) .
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PHENOL-WATER EXTRACTED MATERIAL
Gel filtration of the carbohydrate-containing material obtained from fraction 71-1 by phenol-water extraction gave one component on the Sepharose 6B column which eluted as a symmetris peak at 275 ml (column volume, 456 ml; void volume by Blue Dextran 180) suggesting a molecular weight of 2 x lo5 which was dialyzed and lyophilized (yield, 1 mg). This material, fraction 7B 1, obtained from Fraction 71-1 tested physiologically active in the sheep (Table 3) .
The phenol-water extracted media precipitate yielded one component corresponding to fraction 7B 1 by its elution properties on the various columns, chemical compositions, and physiologic properties. Several infusions of fraction 7B1, obtained from different cultures after phenol-water extraction of the media precipitate, showed identical results with respect to physiological changes (Table 3) , and a typical response is shown in Figure 2 . No other subfraction showed any significant physiologic activity when tested in the sheep.
DOSE RESPONSE
Fraction 7B1 pooled from several batches (290 mg) when chromatographe& on DEAE-Sephacel in ammonium-acetate yielded 270 mg in a symmetric peak with identical sugar composition in the beginning, middle, and tailing end of the peak. This material, 7B1, which now was precipitable with group B antisera, was used to determine the dose response in the sheep. As seen in Figure 3 , there is an exponential response which levels off at 62 pg/kg, corresponding to 2 mg infused in an average sheep.
CHEMICAL CHARACTERIZATION OF FRACTION 7B1 AND 71-1
The two physiologically active components (fractions 7B 1 and 71-1) were subjected to amino acid analysis. The sensitivity of the instrument allowed detection of 50 ng of muramic, diaminopamilic, and amino acids. Neither fraction contained even trace amounts of muramic acid or diaminopamilic acid and is thus not of cell wall origin. This was as expected because cell wall fractions were physiologically inactive in the sheep. Fraction 7B 1 contained no amino acids, which was corroborated by protein analyses (24) , whereas fraction 71-1 contained 16% amino acids by weight. The amino acid composition of fraction 71-1 is shown in Table 4 . The two fractions were analyzed for phosphate (9) with negative results.
Carbohydrate analysis of fraction 7B-1, obtained by phenolwater extraction of either media precipitate or purified fraction 71-1, showed an identical carbohydrate composition of mainly Dmannose and some D-glucose with trace amounts of L-rhamnose and D-galactose (Table 5 ). Fraction 71-1 was composed of these sugars and in addition contained 2-acetamido-2-deoxy-D-glucose and 2-acetamido-2-deoxy-D-galactose (Table 5 ). Fraction 71-1 contained some partially methylated sugars in minute amounts not found in fraction 7B1. ' N.D., not detected. Table 5 . Alditol acetates from the hydrolysates of fractions 7BZ LPS was active at the latter concentration which was the end and 71-1 as ident@ed by combined gas chromatography mass point. E. coli LPS was active down to 0.25 ng/ml. This would ' total, area of all peaks excluding the solvent peak.
Trace, less than 0.1%. corresponds to 3 x 10' ' bacteria assuming lm yield in the isolation procedure. The bulk of the isotope ~-acet~l-~-[~H]mannosarnine (precursor for N-acetyl-neuraminic acid), however, was found in a smaller polysaccharide corresponding to fraction 7B3 (Fig. 5) . When the toxins 7B1 and 71-1 and fraction 7B3 were subjected to mild hydrolysis and fractionated on a G-10 column, only 7B3 gave a radioactive peak corresponding to sialic acid. The two labeled toxins gave only one peak eluted in the void volume.
To further assure the absence of sialic acid in fractions 7B1 and 71-1, 100 pg of each were subjected to sialic acid analysis by the method of Warren (37) with negative results.
CONTROL FOR GRAM-NEGATIVE CONTAMINATION
The possibility of gram-negative wntamination was investigated chemically by injecting the toxin sample on the gas chromatograph to give 3,917,777 area units of mannose. The sensitivity of the instrument could detect as a signif~cant peak 100 units of heptose or 2-acetamid0-2-deoxy-~-gluwse, both common to endotoxin core structure. A 1% endotoxin wntamination by a smooth LPS would contain at least 2% heptose and somewhat more amino sugar (7, 16, 17) , or 783 area units. Because none was detected, then, based on the sensitivity of the instrument, there must be less than 100 ng endotoxin per 1000 pg of toxin if the former was present. One hundred ng of E. coli endotoxin had no physiologic effect when infused into the sheep, whereas 500 ng had a slight effect, in that the pulmonary artery pressure increased from a mean of 17 to 25 mm Hg and Po2 decreased from a mean of 11 1 to 93. Part of the hydrolyzed sample was also analyzed on an SP-1000 column for fatty acids with negative results, that is, less than 100 units (if any) when 3 x lo6 units of mannose was injected. In addition to common saturated and unsaturated fatty acids, acetylated P-hydroxy-myristic acid, kindly provided by Dr. J. Coniglio, was used as a standard. Endotoxin from smooth LPS would contain at least 20% lipid; thus, less than 100 units of lipid means the toxin contains less than 0.01% endotoxin, if any.
The limulus lysate assay was used as a tool to rule out gramnegative contamination not detected by our culture controls. Several dilution tests were performed, and the toxin fraction 7B 1 showed activity at a 5 ng but not at a 1 ng/ml dilution. S. typhosa Suggest that if fraction 7B1 was not active by &elf, it would be contaminated at a level of 5 to 2W0, an amount which was ruled out by our chemical data.
In the mouse lethality assay (30) , the material also showed activity. The dose lethal to 50% of the mice for E. coli endotoxin was 1.2 ng in 100 h when infused immediately after 2 mg lead acetate. For fraction 7B1, the following observations were made. Ten mice were infused with 100 pg each, and one died after 3 days. When another group of 10 mice were infused with 400 pg each, all died. Thus, in this assay, our level of possible contamination is approximately 0.5% which we ruled out by biochemical means. Toxin alone in amounts up to 1 mg or lead acetate alone at these levels had no effect. cGMP levels in rat liver cells are increased by incubation with endotoxin (14) . The group B streptococcal toxin showed activity also. In this endotoxin assay, 100 ng toxin had the same effect as 1 ng of S. typhosa, and 1 mg had the effect of 4 ng rather than of 10 ng endotoxin.
Thus, fraction 7B 1 has 20% of the activity of S. typhosa endotoxin in the limulus lysate assay and 1% in the cGMP assay. Furthermore, it has 5% of the activity of E. coli endotoxin in the limulus lysate assay and 0.5% in the mouse lethality assay. Based on these results and our chemical analysis, we conclude that fraction 7B1 is active by itself in these three biological assays and that it contains less than 0.1% endotoxin contamination, if any. Furthermore, each isolated fractions 7B1 and 71-1 had the same chemical composition and qualitative physiologic effect in the sheep, whereas the media controls and all other subtractions were inactive.
DISCUSSION
We have determined that a complex, toxic, high-molecularweight component can be isolated from the culture media of Phemolytic Streptococcus group B, type 111. This component contains both protein and carbohydrates, and the toxicity is associated with the carbohydrate portion. Fraction 71-1 is of higher molecular weight and different carbohydrate composition than either the group B or type I11 polysaccharides (2,3) even when isolated from the culture media under very similar conditions (8) . The former seems to correspond to fraction 7B3 by molecular weight and sialic acid content.
Fraction 7B1, which is precipitable with group B antibodies after the fmal purification, and the toxic portion, obtained from 71-1 by phenol-water extraction, have identical carbohydrate compositions of mainly D-mannose residues and some D-glucose residues. The trace amounts of L-rhamnose may be part of the molecule or some residual group B antigen responsible for the group B reaction in the microprecipitin test. More likely, due to the molecular weight of fraction 71-1, the toxin portion, 7B1, and the group B antigen share some immunologically active structural feature other than L-rhamnose. This could readily be demonstrated by complete structural analyses of the two polysaccharides as has been done with the cross-reacting endotoxins of the Salmonella typhimurium group B (16) and Pasteurella pseudotuberculosis type I1 (7). The response observed in the sheep with this toxin resembles that of endotoxemia. Gram-negative endotoxemia, however, is generally associated with a lipid component of the lipopolysaccharides, although virulence has been demonstrated to be at least in part &sociat&l with the carbohydrate portion (29) . Furthermore, antitumor biological activity in vivo by Salmonella endotoxin decreases as carbohydrate is sequentially removed from the polysaccharide end of the LPS (36), suggesting involvement of tumor-associated carbohydrate receptors.
The possibility of endotoxin contamination in spite of extensive microbial controls of both the cultures and the various fractions has been investigated by several endotoxin ''spedc" assays. The limulus lysate assay showed that 5 ng/ml of fraction 7B1 was active compared to 1 ng of S. typhosa. Such a level of endotoxin condination, as well as the 1% level suggested by the mouse lethality and cGMP assays would readily be detected chemically.
In addition, media controls prepared identically to fraction 71-1 were inactive, whereas each bacterial preparation yielded one toxic fraction, either 7B1 or 71-1, based on molecular weight, sugar analysis, and physiologic activity. All other subfractions tested inactive. The probability of only having contaminated each active fraction with equal amounts of the same endotoxin must be extremely remote. The Limulus lysate assay is not specific for endotoxin (12) , but activity associated with cell wall material from Streptococcus organisms (40) requires a concentration of 100 pg/ ml, which is 20,000-fold higher than what is required for the isolated polysaccharide 7B1 to be active. Contamination by cell wall material, which is unlikely because cell wall material showed no physiologic activity, is further ruled out by the absence of even trace amounts of either muramic acid or diaminopamilic acid.
Toxicity of pure polysaccharides is rare and has only been reported once, to our knowledge, in which case a mannan upon IV injection in mice showed high toxicity, which was eliminated by carboxymethylation of the polysaccharide (22) . In sheep at least, a polysaccharide is the physiologically active part of group B P-hemolytic Streptococcus type I11 and may be relevant to the pathophysiology of the "endotoxin-like" picture seen in "early onset" disease.
The mechanism by which the polysaccharide exhibits the observed virulence is unknown, but occurs presumably through interaction with a target tissue, causing host-mediated physiologic changes analogous to the observed anti-tumor activity demonstrated by polysaccharides in vivo but not in vitro (41) . Alveolar macrophages have receptors for mannose residues (31) and because the bacterial polysaccharide toxin is most likely built by repeating units, those receptors would be cross-linked on the membrane and possibly lead to release of lysosomal enzymes which could produce tissue destruction analogous to what is observed with mouse peritoneal macrophages when challenged with infectious agents (1 1). This and other possibilities are currently under investigation.
